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Cross Reference to Related Applications 

This application claims the priority benefit of Taiwan application serial no. 91111 520 , 
filed May 30, 2002. 

Background of Invention 

[0001] Field of Invention 

[0002] The present invention relates to a method of manufacturing an active matrix 

organic light emitting diode (OLED). More particularly, the present invention relates to 
a method of preventing the cathode of an active matrix organic light emitting diode 
from breaking. 

[0003] Description of Related Art 

[0004] Organic light emitting diode (OLED) is a semiconductor device capable of 

converting electrical energy into light energy with a high conversion efficiency. The 
most common applications include indicator lights, display panels and optical pick up 
heads. Because OLED has some special properties such as wide viewing angle, ease of 
manufacture, low production cost, high response speed, wide range of operating 
temperature and full coloration, OLED is a suitable candidate for forming multimedia 
display devices. 

[0005] 

At present, the active matrix type of OLED is being rapidly developed. In the 
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following, a method of manufacturing a conventional active irfatrix OLED is described. 
Fig. 1 is a schematic cross sectional view sho\Aring the structure of a conventional 
active matrix OLED. 

[0006] A conventional active matrix OLED as shown in Fig. 1 is formed in several steps. 
First, a gate electrode 1 02 is formed over a substrate 1 00 and then a gate inslilation 
layer 1 04 is formed over the substrate 1 00 and the gate electrode 1 02. A channel 
layer 106 is formed on the gate insulation layer 104 above the gate electrode 102. 
Thereafter, a drain terminal 1 08a and a source terminal 1 08b are formed over the 
channel layer 106 to form a thin film transistor. 

[0007] A passivation layer 1 1 0 is formed over the substrate 1 00 covering the thin film 
transistor. An opening 1 1 2 that exposes the source terminal 108b is formed in the 
passivation layer 1 1 0. Thereafter, an anode layer 11 4 is formed over the passivation 
layer 1 1 0 and the interior of a portion of the opening 1 1 2 so that the anode layer 1 1 4 
and the source terminal 1 08b are electrically connected. A light-emitting layer 1 1 6 
and a cathode 1 1 8 are sequentially formed over the substrate 1 00. Ultimately, an 
active matrix organic light emitting diode is formed over the substrate 1 00. 

[0008] In a conventional method of forming an active matrix OLED, both the organic layer 
1 1 6 and the cathode layer 1 1 8 are formed over the thin film transistor structure and 
the anode layer 1 14 through an evaporation-deposition process. However, step 
coverage capacity of the organic layer 1 1 6 and the cathode layer 1 1 8 is poor. Hence, 
sharp corners 1 20 within the thin film transistor structure such as the ones at each 
end of the source/drain 1 08a/l 08b may break or form a discontinuity after forming 
the organic layer 1 1 6 and the cathode layer 1 1 8. When the anode layer 1 1 8 is 
discontinuous or has a break, current conduction within the device as well as emissive 
power of the device is severely affected. 

Summary of Invention 

[0009] Accordingly, one object of the present invention is to provide a method of 

preventing the cathode of an active matrix organic light emitting diode from breaking 
so that the current conduction and light-emitting mechanism can operate normally. 

[0010] 

To achieve these and other advantages and in accordance with the purpose of the 
APPJD=1 0064382 ^^^^ Page 2 of 24 





invention, as embodied and broadly described herein, tlie invention provides a 
metliod of preventing the cathode of an active matrix organic light emitting diode 
from breaking. The method includes the following manufacturing steps. A substrate 
having an array of thin film transistors thereon is provided. Each thin film transistor 
includes a gate electrode, a channel layer, a source terminal and a drain terminal. A 
passivation layer made from a material such as an electric resin is formed over the 
substrate. The passivation layer is planarized. Thereafter, an opening that exposes the 
drain terminal is formed in the passivation layer. An anode layer is formed over the 
passivation layer and the interior of a portion of the opening so that the drain terminal 
and the anode layer are electrically connected. A light-emitting layer and a cathode 
layer are sequentially formed over the substrate to form an active matrix organic light 
emitting device. 

[001 1] This invention also provides a second method of preventing the cathode of an 
active matrix organic light emitting diode from breaking. The method includes the 
following manufacturing steps. A substrate having an array of thin film transistors and 
a corresponding anode layer for each thin film transistor is provided. Each thin film 
transistor includes a gate electrode, a channel layer, a source terminal and a drain 
terminal. The anode layer and the source terminal are electrically connected. A 
patterned passivation layer is formed over the substrate covering the thin film 
transistors but exposing a large portion of the anode layer. A patterned 
photosensitive material layer is formed over the substrate covering the passivation 
layer, thereby planarizing the passivation layer. The same photomask is used for 
patterning the photosensitive material layer and the passivation layer. A light emitting 
layer and a cathode layer are sequentially formed over the photosensitive layer and 
the anode layer to form an active matrix organic light emitting diode device. 

[001 2] jj^jj invention also provides a third method of preventing the cathode of an active 
matrix organic light emitting diode from breaking. This method includes rounding off 
the corners of the source/drain terminal of a thin film transistor. A conductive layer is 
formed over a substrate. The conductive layer is a three-layered stack such as a 
molybdenum/aluminum/molybdenum stack. A patterned photoresist layer is formed 
over the conductive layer. A dry etching operation is conducted using the photoresist 
layer as an etching mask to form a pattern for forming the source/drain terminals of a 
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thin film transistor. The source/drain pattern has a slanting profile close to each end. 

The dry etching operation uses a reactive gas such as a mixture of sulfur hexafluoride 

(SF _ ) and oxygen (O ^ ) or a mixture of chlorine (C / ) and boror, chloride (BC / ). 
o 2 2 3 

The ratio SF /O is about 0.5-'1 .0 and C / BC / Is about 0.4--0.8. Finally, the 
D 2 2 3 

photoresist layer is removed. Since the source/drain pattern has a sloping profile at 
each end, subsequently formed cathode layer over the conductive layer is less 
vulnerable to break. 

[001 3] This invention also provides a fourth n.ethod of preventing the cathode of an 
active matrix organic light emitting diode from breaking. This method includes 
rounding off the corners of the source/drain terrhinal of a thin film transistor. A 
conductive layer is formed over a substrate. A patterned first photoresist layer is 
formed over the conductive layer. A first etching operation Is conducted using the first 
photoresist layer as an etching mask so that a definite thickness of the conductive 
layer is removed. An ashing operation Is carried out to remove a definite thickness of 
the first photoresist layer to form a second photoresist layer. A second etching 
operation Is carried out using the second photoresist layer as an etching mask to form 
the source/drain pattern of a thin film transistor. The source/drain pattern has a 
sloping profile at each end. Finally, the second photoresist layer is removed. Since the 
source/drain pattern has a sloping profile at each end, subsequently formed cathode 
layer over the conductive layer is less vulnerable to break. 

[001 4] This invention also provides a fifth method of preventing the cathode of an active 

matrix organic light emitting diode from breaking. This method Includes rounding off 

the corners of the source/drain terminal of a thin film transistor. A conductive layer is 

formed over a substrate. A photoresist layer is formed over the conductive layer. 

Using the photoresist layer as an etching mask, the source/drain pattern of a thin film 

transistor is formed. The etching operation Is carried out using an etchant such as 

HNO ^ /H ^ PO ^ /CH ^ COO, wherein the weight percentage of HNO in the etchant 
33 43 ^'r- zj 2 

Is between 0.1-0.2. Since concentration of HNO ^ in the etchant is relatively high, the 
etching rate with respect to the interface is higher. Consequently, sharp corners near 
the ends of source/drain terminals are rounded and subsequently formed cathode 
layer is less vulnerable to break. 
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This invention also provides a sixth method of preventing the cathode of an active 
matrix organic light emitting diode from breaking. The method includes the following 
manufacturing steps. A substrate having an array of thin film transistors is provided. 
Each thin film transistor includes a gate electrode, a channel layer, a source terminal 
and a drain terminal. An anode layer that corresponds to the thin film transistor Is 
formed over the substrate. The anode layer and the source terminal of the thin film 
transistor are electrically connected. A light emitting layer and a cathode layer are 
sequentially formed over the substrate covering the thin film transistor and the anode 
layer. When the cathode layer has a break, a repair conductive layer is formed over the 
cathode layer to repair the broken cathode layer. The repair conductive layer is formed 
in a sputtering process, for example. In addition, the repair conductive layer is also 
formed by conducting a thermal evaporation -deposition or electron beam 
evaporation-deposition process before carrying out the sputtering operation. The 
repair conductive layer is made using any conductive material capable of repairing the 
cathode layer. Preferably, the repair conductive layer and the cathode layer are made 
from identical material. 

This invention provides a method of preventing the cathode of an active matrix 
organic light emitting diode from breaking. The methods include planarizing the 
passivation layer, forming a photosensitive layer over the passivation layer to smooth 
out the surface or using a special etching method to round off the corners of 
source/drain terminals. All these methods are capable of preventing subsequently 
formed cathode layer from breaking. Furthermore, this invention also provides a 
method of repairing broken cathode layer so that the device may be re-used. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

ief Description of Drawings 

The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
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[0020] 
[0021] 
[0022] 
[0023] 

[0024] 

[0025] 



drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

Fig. 1 is a schematic cross sectional view showing the structure of a conventional 
active matrix OLED; 

Fig. 2 is a schematic cross sectional view showing the structure of an active matrix 
OLED fabricated according to a first preferred embodiment of this invention; 

Fig. 3 is a schematic cross sectional view showing the structure of an active matrix 
OLED fabricated according to a second preferred embodiment of this invention; 

Figs. 4A to 4C are schematic cross-sectional views showing the steps for forming 
an active matrix OLED that prevents cathode breakage according to a third preferred 
embodiment of this invention; 

Figs. 5 A to 5D are schematic cross-sectional views showing alternative steps for 
forming an active matrix OLED that prevent cathode breakage according to the third 
preferred embodiment of this invention; and 

Figs. 6A and 6B are schematic cross-sectional views showing the steps for 
forming an active matrix OLED that prevent cathode breakage according to a fourth 
preferred embodiment of this invention. 

etalled Description 

FIRST EMBODIMENT 

Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the drawings and the description to 
refer to the same or like parts. 

Fig. 2 is a schematic cross sectional view showing the structure of an active matrix 
OLED fabricated according to a first preferred embodiment of this invention. A 
number of steps are required to form the active matrix OLED. First, a patterned first 
conductive layer 1 02 is formed over a substrate 1 00 to serve as a gate electrode. The 
gate electrode 1 02 is made of chromium, for example. A gate insulation layer 1 04 is 
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[0029] 

[0030] 
[0031] 



[0032] 

[0033] 
[0034] 



[0035] 



formed over the substrate 1 00 and the gate electrode 1 02. 

A channel layer 1 06 is formed over the gate electrode and the gate insulation layer 
104. The channel layer 106 is an amorphous silicon layer, for example. A patterned 
second conductive layer 108a/108b is formed over the channel layer 106 serving as a 
source/drain terminal. Hence, a thin film transistor is formed. 

A passivation layer 21 0 is formed over the substrate 1 00 covering the thin film 
transistor. The passivation layer 210 is made from a dielectric resin, for example. A 
planarization is carried out to flatten the upper surface of the passivation layer 210. 

An opening 21 2 that exposes the source terminal 108b is formed in the 
passivation layer 21 0. An anode layer 21 4 is formed over the passivation layer 210 
and the interior of a portion of the opening 21 2. The anode layer 214 and the source 
terminal 108b are electrically connected. The anode layer 214 is made from a material 
such as indium-tin-oxide. A light emitting layer 216 is formed over the substrate 100 
covering the anode layer 214. The light emitting layer 216 is an organic compound 
capable of emitting light. Finally, a cathode layer 21 8 is formed over the light emitting 
layer 216 to form an active matrix organic light emitting diode device. 

Since the passivation layer 210 over the thin film transistor has a planar surface, 
the light emitting layer 216 and the anode layer 218 formed over the passivation layer 
210 can have a better step coverage. Ultimately, the probability of having a broken 
cathode is greatly minimized. 

SECOND EMBODIMENT 

Fig. 3 is a schematic cross sectional view showing the structure of an active matrix 
OLED fabricated according to a second preferred embodiment of this invention. A 
number of steps are required to form the active matrix OLED. First, a patterned first 
conductive layer 1 02 is formed over a substrate 1 00 to serve as a gate electrode. The 
gate electrode 102 is made of chromium, for example. A gate insulation layer 104 is 
formed over the substrate 1 00 and the gate electrode 1 02. 

A channel layer 106 is formed over the gate insulation layer 104 above the gate 
electrode 102. The channel 106 is an amorphous silicon layer, for example. An anode 
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layer 314 is formed over the gate insulation layer 104. The anode layer 314 is an 
indium-tin-oxide layer, for example. 

[0036] A patterned second conductive layer 108a/ 108b is formed over the channel layer 
106 and a portion of the anode layer 314 to serve as a source/drain terminal. The 
source terminal 1 08b and the anode layer 314 are electrically connected. Hence, a 
film transistor structure is formed. 

[0037] A patterned passivation layer 31 0 is formed over the substrate 1 00 covering the 
thin film transistor structure and a portion of the anode layer 314. The passivation 
layer is a silicon nitride layer, for example. Thereafter, a photosensitive material layer 
is formed over the substrate 100 to smooth out the upper surface of the passivation 
layer 310, A photolithographic processing is conducted so that the photosensitive 
material layer 302 only covers the passivation layer 31 0 and exposes the anode layer 



[0038] A light emitting layer 3 1 6 is formed over the substrate 1 00 covering the 

photosensitive material layer 302 and the anode layer 314. The light emitting layer 
31 6 is made from an organic compound capable of producing light. Thereafter, a 
cathode layer 31 8 is formed over the light emitting layer 31 6 to form an active matrix 
organic light emitting diode device. 

[0039] In the second embodiment of this invention, the uneven upper surface of the 
passivation layer 310 is smoothed out by the photosensitive material layer 302. 
Therefore, the light emitting layer 316 and the anode layer 318 formed over the 
photosensitive material layer 302 can have a better step coverage. Ultimately, 
probability of having a broken cathode is greatly minimized. 

[0040] THIRD EMBODIMENT 

[0041] One major reason for creating a broken cathode layer in an active matrix organic 
light emitting diode is the sharp corners at each end of a source/drain terminal inside 
the thin film transistor. These sharp corners often break up subsequently formed 
cathode layer. Hence, to prevent a broken cathode layer, a direct method is to round 
off any sharp corners in the source/drain terminals. 



314. 
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[0042] 



[0043] 



[0044] 



[0045] 



[0046] 



Figs. 4A to 4C are schematic cross-sectional views showing the steps for forming 
an active matrix OLED that prevents cathode breakage according to a third preferred 
embodiment of this invention. As shown in Fig. 4A, a conductive layer 408 is formed 
over a substrate 400. The conductive layer is a three-layered composite stack such as 
a titanium/aluminum/titanium composite layer, or a molybdenum layer. A patterned 
photoresist layer 402 is formed over the conductive layer 408 covering the designated 
source/drain terminal. 

As shown in Fig. 4B, a dry etching operation is carried out using the photoresist 

layer 402 as an etching mask to form a source/drain terminal 408a/408b pattern. 

Each end of the pattern has a sloping profile. The dry etching operation uses a 

reactive gas such as a mixture of sulfur hexafluoride (SF ) and oxygen (O ) or a 

6 2 

mixture of carbon chlorine (C / ) and boron chloride (BC / ) . The ratio of SF /O 

2 3 6 2 

or C / BC is adjusted to optimize the sideward etching rate of the photoresist 

layer 402 and the conductive layer 408. Consequently, a sloping profile is obtained at 

the end of the source/drain pattern 408a/408b. In this invention, the SF /O ratio 

6 2 

is about 0.5-1 .0 and the C / BC ratio is about 0.4-0.8, for example. 

As shown in Fig. 4C, the photoresist layer 402 is removed. Thereafter, various 
films constituting an active matrix organic light emitting diode device such as a 
passivation layer, an anode layer, a light emitting layer and a cathode layer are 
sequentially formed over the substrate 400. Since these films are formed by 
conventional processes, detailed description is omitted. 

In this embodiment, sharp corners in the source/drain pattern are rounded using 
a special etching method. Hence, a broken cathode inside the active matrix organic 
light emitting diode device is prevented. 

Figs. 5A to 5D are schematic cross-sectional views showing alternative steps for 
forming an active matrix OLED that prevents cathode breakage according to the third 
preferred embodiment of this invention. As shown in Fig. 5A, a conductive layer 508 is 
formed over a substrate 500. A patterned photoresist layer 502 is formed over the 
conductive layer 508 covering the designated regions for forming source/drain 
terminals. 
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[0047] As shown in Fig. 5B, an etching operation is carried out using the photoresist layer 
502 as an etching masl< to remove a definite thickness of the conductive layer 508. 

[0048] As shown in Figs. 5C and 5D, an ashing operation is carried out to remove a 

definite thickness of the photoresist layer 502, thereby forming a photoresist layer 
504. Thereafter, an etching operation is conducted using the photoresist layer 504 as 
an etching mask to form a source/drain pattern 508a/508b. Each end of the 
source/drain pattern 508a/508b has a sloping profile. Finally, the photoresist layer 
504 is removed. 

[0049] Thereafter, various films constituting an active matrix organic light emitting diode 
device such as a passivation layer, an anode layer, a light emitting layer and a cathode 
layer are sequentially formed over the substrate 500. Since these films are formed by 
conventional processes, detailed description is omitted. 

[0050] In this embodiment, sharp corners in the source/drain pattern are rounded using 
a special etching method. Hence, a broken cathode inside the active matrix organic 
light emitting diode device is prevented. 

[0051] Another special etching method that can minimize the probability of having a 
broken cathode inside the active matrix organic light emitting diode device is to 
increase concentration of HNO ^ in the etchant in the source/drain terminal etching 
process, so that the etching rate at the interface can be increased Thus, corners of 
source/drain terminals are rounded and subsequently formed cathode layer is less 
vulnerable to breakage. The following is a detailed description of the process. 

[0052] In the process of etching a conductive layer over a substrate to form a 

source/drain pattern, concentration of HNO ^ in the etchant is increased. In this 
embodiment, an etchant such as HNO 3 /'^ 3 4 /^H ^ COO, wherein the weight 
percentage of HNO ^ in the etchant is between about 0.1-0.2. Ultimately, the process 
averts any possible break in subsequently formed cathode layer within the active 
matrix organic light emitting diode device. 

[0053] FOURTH EMBODIMENT 

[0054] 

This invention also provides a method of repairing a broken cathode inside an 
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[0056] 



[0057] 



[0058] 



active matrix organic light emitting diode device. Wlien a broken cathode is found, the 



Figs. 6A and 6B are schematic cross-sectional views showing the steps for 
forming an active matrix OLED that prevents cathode breakage according to a fourth 
preferred embodiment of this invention. As shown in Fig. 6A, a substrate 600 having 
an active matrix organic light emitting diode thereon is provided. The active matrix 
organic light emitting diode includes a thin film transistor, a passivation layer 61 0, an 
anode layer 61 4, a light emitting layer 61 6 and a cathode layer 61 8. The thin film 
transistor further includes a gate electrode (not shown), a source/drain terminal 608 
and a channel layer (not shown). The source/drain pattern 608 has a corner 61 5 at 
each end. Because the light emitting layer 61 6 and the cathode layer 61 8 above the 
source/drain pattern 608, in particular the cathode layer, have poor step coverage 
around the corner 61 5, the cathode layer 61 8 may have a break. 

As shown in Fig. 68, a repair operation is conducted to mend the break in the 
cathode layer 61 8. To repair the cathode layer 61 8, a sputtering operation is carried 
out to form a repair conductive layer 620 over the cathode layer 61 8. The repair 
conductive layer 620 can be any material suitable for repairing a broken cathode 61 8. 
Preferably, a metallic material identical to the cathode layer 61 8 is used. Since 
sputtering is capable of producing a layer having superior step coverage, the repair 
conductive layer 620 over the cathode layer 618 is able to mend the broken region 
around the corner 61 5. Because the repair conductive layer 620 is only a layer for 
repairing the cathode layer 61 8 so that the conductive current carrying capacity and 
light emitting mechanism are resumed, the repair conductive layer 620 need not be 
too thick. 

In addition, other methods of forming a repair conductive layer 620 over the 
cathode layer 61 8 to repair a broken cathode layer are also possible. For example, the 
repair conductive layer 620 is formed over the cathode layer 61 8 by conducting a 
thermal evaporation-deposition process or electron beam evaporation-deposition 
process before a sputtering process. 

According to this invention, the method of preventing the cathode of an active 
matrix organic light emitting diode from breaking includes planarizing the passivation 



following method may be used to repair the device so that the device can be reused. 
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layer, forming a photosensitive layer over the passivation layer to smooth out the 
surface or using a special etching method to round off the corners of the source/drain 
terminals. All these methods are capable of preventing subsequently formed cathode 
layer from breaking. Furthermore, this invention also provides a method of repairing a 
broken cathode layer so that the device may be re-used. 

[0059] It will be apjDarent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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